INTRODUCTION
Ureteric calculi are common urological disorders. Conventional treatments include ureteroscopic extraction, shock wave lithotripsy (SWL), and open or laparoscopic surgery.
SWL provides a noninvasive, simple, effective and safe option for the management of ureteric calculi. [1] SWL may cause unnecessary exposure of the treated kidney and neighboring organs to radiation and high energy shock waves which may result in tissue damage. SWL is associated with inherent risk of failure in some patients. The patients whose stones may not be fragmented by repeated SWL will require auxiliary procedures. These patients need to be identified beforehand.
Several prognostic factors of the success of SWL have been studied. [2, 3] These include the size of the stone, its location and density, its degree of impaction and the presence of hydronephrosis.
Identification and the use of these predictive factors in clinical setting will both increase the efficacy and decrease the cost by reducing the number of unnecessary treatment sessions as well as hospital visits.
This present study was designed to establish factors predicting the success of SWL, based on a large-scale clinical study focusing on multiple prognostic factors. It is hoped that such a study will benefit both the patients who have the disease and the physicians treating them, in terms of making the right clinical decision.
MATERIALS AND METHODS
This study was conducted in the Department of Urology in tertiary care centre of northeast part of India, from March 2012 to November 2014.
Inclusion criteria were solitary and radio-opaque ureteric stones of size 5 mm to 20 mm. Patients with a history of previous SWL or stone surgery, urinary tract infections, blood coagulation disorders, ureteral stricture, neurogenic bladder, polycystic kidney, or distal ureteric obstruction were excluded.
Data of each patient were prospectively collected. Age, sex, body mass index (BMI), stone size, stone site, laterality, skin-to-stone distance (SSD), Hounsfield unit (HU), presence of double J (DJ) stent, serum creatinine levels, total SWL sessions required, presence of renal colic, and presence of secondary signs (hydronephrosis, renal enlargement, perinephric fat stranding, and tissue rim sign) were noted.
The SSD was measured on computed tomography (CT) scan by three distances from the stone to the skin (0°, 45°, and 90°). The average SSD was measured from these values and was recorded as the representative SSD for each stone. The HU for each stone was determined by using a 5-mm collimation width from the top of the kidneys to the level of the pubic symphysis. Three regions of interest (ROI) were analyzed in the images showing the stones in the largest dimension. All measurements were made with a similar-sized ROI (2.0 ± 0.5 mm 2 ). The HU average of three ROIs represented the HU for that stone. Secondary signs including the presence or absence of hydronephrosis, renal enlargement, perinephric fat stranding, and tissue rim sign were also assessed on CT scan. Tissue rim sign was recognized as the observation of the annular soft tissue caused by the edematous ureteral wall surrounding the stones. All radiologic factors were reviewed by one specialized uro-radiologist.
The SWL sessions were generated using a Dornier Compact Delta lithotripter. The stones were fragmented under fluoroscopic guidance, and the number of shockwaves and energy level were recorded. Maximum of 3000 shocks were given per session at the rate of 60-80 shocks per minute at an energy level of 8-12 kv. In those patients who had received a DJ stent, the SWL session took place with a minimum of 3 weeks after the stent placement.
Patients were followed up at 1 week after SWL with a plain abdominal film and ultrasonography. If there were significant fragments, the second session of SWL was planned. However, if there were only insignificant fragments, the patients were given medical treatment and re-evaluated after 1 month. Final results were considered after the complete passage of all fragments or after 3 months from the last SWL session.
The outcome of SWL was described as a success when complete stone clearance was achieved or clinically insignificant residual fragments <3 mm with no symptoms at 3 months after SWL. Failure was defined as clinically significant residual fragments >3 mm after three sessions of SWL, as confirmed by a plain film.
Patients were divided into two groups, Group A where SWL was successful and Group B where SWL failed.
Data were analyzed to identify clinical and radiographic factors associated with treatment outcome. Univariate analysis was used to individually assess the association between the various factors and outcomes. Thereafter, the significantly associated variables were tested with multivariate logistic regression analysis to identify the independent predictors of treatment outcome. In all tests, P < 0.05 was considered to indicate statistical significance.
RESULTS
A total of 110 patients with ureteric calculi were included in the study. The overall success rate of SWL in this study was 76% (n = 84) and the failure rate was 24% (n = 26). All the patients were divided into two groups depending on the outcome of SWL, Group A (successful) and Group B (failed).
On univariate analysis, age, sex, BMI, laterality, location, serum creatinine, and history of colic were not statistically significant in terms of the outcome of SWL [ Table 1 ]. HU with a P = 0.062 was not statistically significant but was consistently low in the successful group. The mean stone size in the success and failure groups, respectively, was 8.1 mm (5.0-14.9) and 11.3 (7.5-18.0) with a P < 0.001. The mean SSD in the success and failure groups was 90.0 (75.0-118.0) and 96.0 (79.0-123.0), respectively, with a P < 0.001. The secondary signs of obstruction and DJ stent also showed statistically significant differences between the two groups.
Logistic regression analysis was used to predict factors associated with failure of SWL. In the multivariate logistic regression, larger stone size (odds ratio [OR] -19.718; 95% confidence interval [CI] -1.600-243.005), higher HU, higher SSD, and presence of DJ stent were the independent predictors for failure of SWL in the given population [ Table 2 ].
Receiver-operating characteristic curve analysis [ Figure 1 ] was done to determine stone size cut-off that best predicts a successful outcome, and it was found to be 8.2 mm with a sensitivity and specificity of 54% and 96%, respectively, (area under the ROC curve: 0.77995% confidence limit: 0.685-0.872).
A total number of shockwaves and SWL sessions were tabulated and analyzed as per the outcome and location of stone in the ureter [ Table 3 ]. A number of shockwaves delivered and SWL sessions were significantly different between successful and failed SWL for the stones located in upper ureter. Median shock waves delivered for the upper ureteric stones successful on SWL were 2500 (2000-6000) and for failed SWL were 4550 (2000-6500) whereas, the median number of SWL sessions was 1 and 2, respectively. Similarly, for lower ureteric stones the number of shockwaves delivered and SWL sessions were significantly different between successful and failed SWL groups. For mid ureteric stones, the difference was nonsignificant.
When the results were reg rouped as Group I (stone size <10 mm) and Group II (stone size >10 mm), the success rates were 84.1% in the Group I and 63.4% in the Group II [ Table 4 ]. The average stone Table 5 ].
DISCUSSION
SWL has revolutionised the management of urolithiasis since its introduction in the early 1980s. [4] Less invasive nature and favorable clinical outcome following SWL treatment has made SWL one of the first-line treatment options for patients with ureteric calculi.
Overall stone clearance in our study was 76%. Most studies have reported clearance rates ranging from 84.2% to 88.7% for ureteric stones. [2, 5] Several factors have been reported to influence the stone-free rate after SWL treatment, including patient's demographic characteristics (such as age, sex, and BMI) and stone features (such as stone site, HU, and size). [6, 7] It has been demonstrated that the clinical outcome of SWL for calculi of the upper-third ureter in elderly patients was inferior to that of the younger patients. [8] In addition, the mean age of the patients successfully treated with SWL was significantly lower than that of the failure group, which may be because younger patients had better renal excretion and higher contraction strength of the ureteral muscle. However, this finding has been challenged by other researchers, and patient age was not considered as a significant factor for the success rate of SWL. [9] In our series, age was not a significant factor and does not influence the outcome of SWL.
In several studies, the most important factor in predicting the outcome of SWL for urinary calculi was the stone size, and it was found that the smaller (<8-10 mm) ureteric stones are significantly better cleared than larger ones. [2, 5] Larger stones also required more treatment sessions of SWL. In the present study, the mean stone size was 8.1 mm (5.0-14.9) and 11.3 (7.5-18.0) in Group A (success) and B (failure), respectively. The larger stone size was found to be an independent predictor of failure of extracorporeal SWL on both univariate and multivariate analysis. Renal colic has been shown to be a positive factor for the success of SWL. [10] Although the detailed mechanism is not fully understood, it is considered that the occurrence of renal colic is a symptom indicating ureteric calculi does not conglutinate with the ureterovesical junction. In addition, renal colic promotes higher peristalsis frequency, and contraction strength of the ureter, facilitating excretion of the stones. In our study, history of renal colic was not statistically significant for predicting the success of SWL. This may be due to less percentage of patients with a history of ureteric colic in our study, which may have affected the results.
With regard to the hydronephrosis, research indicates that hydronephrosis has a significant influence on the success rate of SWL for treating distal ureteric calculi, although its influence on the overall stone-free rate is not significant. [11] This discrepancy may be due to the interaction between the hydronephrosis and other factors, such as stone size and renal colic, thus, the contribution of the hydronephrosis was somehow weakened.
Choi et al. [12] investigated predictive factors for failure of SWL for treating ureteral stones. The patients were divided into two groups: (Group A -102 patients, stone size ≤10 mm; and Group B -51 patients, stone size >10 mm). They assessed age, sex, BMI, stone size, laterality, location, SSD, HU, and the presence of secondary signs (hydronephrosis, renal enlargement, perinephric fat stranding, and tissue rim sign). On the univariate analysis of each group, stone size, SSD, and all secondary signs showed statistically significant differences in terms of the outcome of SWL. On the multivariate logistic regression, stone size was an independent predictive factor in group A and the presence of perinephric fat stranding and stone size were independent predictive factors in group B. In the present study, we analyzed secondary changes (hydronephrosis, renal enlargement, perinephric fat stranding, and tissue rim sign) between group A and B. We found that presence of secondary changes was statistically significant (P = 0.023) in predicting failure of SWL on univariate analysis but not on multivariate analysis.
Placement of double-J ureteric stent was found to be a significant contributor to the stone-free rate after SWL as observed in a study by Wada et al. [13] Although the use of DJ ureteric stent was criticized by other researchers due to a decreased success rate observed, [5] DJ ureteric stent was required in patients for whom the stones caused a severe degree of obstruction. In this study, placement of double-J stent was statistically significant in predicting failure of SWL by both univariate and multivariate regression analysis. This can be explained by the fact that DJ stent was placed in more complicated or larger stones where success of SWL was less likely. Hence, per se, the role of DJ stent in influencing results of SWL is not clear.
Several investigators have since shown that SWL is more likely to fail for patients with renal calculi >750-1000 HU and these patients should be considered for other treatment modalities. [14, 15] Pareek et al. [15] evaluated 50 patients who underwent SWL for 5-10 mm upper urinary tract stones. They reported significant differences with regards to the HU values for the stone-free groups and the residual stone groups and suggested that HU measurement of urinary calculi on CT scan may predict the stone-free rate. In our study, we divided the patients on the basis of HU A (<750 HU), B (750-1000 HU), C (>1000 HU). Increasing HU was not statistically significant in predicting failure of SWL by univariate analysis (P = 0.62). However, this came to be significant on multivariate logistic regression analysis, which is in accordance with the findings of previous studies.
The utility of BMI in predicting successful SWL is variable. Higher BMI is found to be a significant factor affecting the success of SWL in some studies. [15, 16] Conversely, in another study, BMI failed to predict successful SWL outcomes, whereas SSD remained a significant predictor. [17] Wiesenthal et al. [18] suggested that SSD was a significant predictor of lithotripsy success for ureteral stones. In the multivariate analysis, SSD >110 mm (OR, 0.49; 95% CI, 0.31-0.78) was a significant predictor of outcome. Perks et al. [19] also supported this finding. They reported that SSD of <9 cm (OR: 2.8; 95% CI: 1.1-7.2) can predict SWL success. In a recent study by Yazici et al. [16] SSD was the only independent predictor of failure or success for the treatment of distal ureteral stones treated with SWL. In our study, BMI was not a significant predictor of the outcome of SWL (P = 0.913), whereas, SSD was found to be significant (P < 0.001) in predicting the outcome of SWL.
In the present study, we have not found any statistical significance of sex, laterality, location, and serum creatinine on the outcome of SWL.
CONCLUSION
The results of this study clearly show that Stone size, SSD, the presence of DJ stent and stone attenuation values are the significant factors that influence the outcome of SWL in patients with ureteral stones.
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